A one-step conversion of 3-aryl-3-(2-aminophenyl)-1-propyn-3-ols into quinoline-2(1H)-thiones and quinoline-2(1H)-selones was achieved only by treating the substrates with n-butyllithium and either elemental sulfur or selenium, respectively. The reactions were assumed to proceed through an intramolecular nucleophilic attack of the neighboring amino group to the plausible in situ generated reactive species related to chalcogenoketenes. The subsequent mCPBA oxidation of quinoline-2(1H)-selones afforded quinolin-2(1H)-ones in high yields.
Among a variety of reactive heterocumulenes, ketenes, thioketenes and selenoketenes are widely recognized as synthetically useful intermediates, and generation, trapping, reactivity, and synthetic use of these species have been extensively studied in the field of synthetic organic chemistry. However, only limited studies on the cumulated analogues of thio-and selenoketenes were achieved, in line with the structural interests and spectroscopic detection [1] , in spite of the expectation of their potential versatility for the use as building blocks of various heterocycles containing chalcogen and/or nitrogen atoms. It was naturally expected that the reaction of acetylide ions bearing a leaving group at the C-3 position would form 1,2-propadienechalcogenones (D) via the plausible pathway involving the chalcogenation of propadienylidenes or the formation of alkynechalcogenolate ions (B) [2] , and this expectation urged us to a convenient synthesis of -unsaturated chalcogenoamides (C) (X = S or Se) from propargyl alcohols (A) (L = OH), as well as the extension of the reactions to the formation of chalcogenolactam rings. In this manuscript, we report a novel and convenient shortstep construction of ,-unsaturated chalcogenoamides through the reaction of propargyl ethers or chloride with a base, elemental chalcogen, and a primary or secondary amine and a new protocol for the short-step synthesis of quinoline-2(1H)-thiones [3] and selones (E) via the intramolecular process of the same reactions starting from D.
3,3-Disubstituted 1-alkyn-3-ols (1) were at first prepared according to the reported methods [4] . Compounds 1 were then converted into the corresponding methyl ethers (3) by treating with sodium hydride and iodomethane [5] . Conversion of compounds 1 into propargyl chlorides 2 was also carried out by treating with calcium chloride and aqueous hydrochloric acid according to the reported methods [6] .
When a THF solution of propargyl alcohol (1b) (R 1 = R 2 = C 6 H 5 ) was treated with n-butyllithium (2.4 mol amt.) in the presence of elemental sulfur and diethylamine at -78°C under an argon atmosphere and the reaction mixture gradually warmed to 0°C, only dealkynylation occurred to afford benzophenone in 65% yield. On the other hand, treatment of 3-chloro-3-methyl-1-butyne (2a, R 1 = R 2 = CH 3 , L = Cl) with potassium t-butoxide and either elemental sulfur or selenium in the presence of an excess amount of diethylamine at room temperature afforded either N,N-diethyl-3methyl-2-butenethioamide (4aa) or selenoamide (5aa), respectively, in moderate yields among the uncharacterized products, and the yields of 4aa and 5aa were dramatically improved by using methyl ether 3a (R 1 = R 2 = CH 3 , L = OCH 3 ) as the substrate of the reaction. Similar treatment of various 3,3-disubstituted 3-methoxy-1-alkynes (3) with n-butyllithium (1.2 mol amt.), elemental sulfur or selenium, and a primary or secondary amine afforded the corresponding unsaturated chalcogenoamides (4, 5) in much higher yields. All the results of these reactions are shown in Table 1 .
It is well known that propadienylidenes, generated in situ by the reaction of 3-chloro-1-alkynes 2a (R 1 = R 2 = CH 3 , L = Cl) with a Table 1 : Synthesis of -unsaturated thioamides (4 and selenoamides (5) by treating 3,3-disubstituted 3-chloro-1-alkynes (2) or 3-methoxy-1-alkynes (3) with n-butyllithium, elemental sulfur or selenium, and a primary or secondary amine. base, can be trapped by using olefins to give the corresponding cyclopropanes [7] . Actually, treatment of 2a with n-butyllithium (1.2 mol amt.) at 0°C in THF in the presence of an excess amount of 2,3-dimethyl-1,3-butadiene afforded cyclopropane 6a in 47% yield. However, the similar reaction of 2a with n-butyllithium and elemental sulfur or selenium in the presence of 2,3-dimethyl-1,3butadiene only gave the recovery of substrate 2a, and sulfur-or selenium-containing trapping products were not found at all in the reaction mixture. In contrast, treatment of 3-methoxy-1-alkene (3c) (R 1 = R 2 = p-ClC 6 H 4 ) with n-butyllithium and elemental sulfur, followed by quenching the reaction using benzyl bromide, only gave benzyl sulfide 7c or selenide 8c, respectively, as shown in Scheme 1. The latter results indicated the in situ generation of alkynechalcogenolate ions B through the reaction of acetylide ions with elemental chalcongen in the primary stage.
When a THF-d 8 solution of 3c (R 1 = R 2 = p-ClC 6 H 4 ) was treated with methyllithium (1.1 mol amt.) in an NMR tube and the reaction monitored by NMR at room temperature, the signal of the acetylenic proton in 3c quickly disappeared. In turn, the signal of the methoxy group remained in the 1 H NMR spectrum of the reaction mixture, even after adding methyllithium to the solution. The disappearance of one acetylenic carbon signal was also observed in the 13 C NMR spectrum of the reaction mixture, along with the remaining signals of the quaternary carbon and the methyl group at  = 52.0 and 68.0. When a 2.5 mol amt. of elemental sulfur was subsequently added to the reaction mixture, two characteristic carbon signals at  = 90.5 and 175.6 were newly observed in the 13 C NMR spectrum, assignable to the carbons of the intermediary lithiothioketenes B', along with the signals of a quaternary carbon and the methyl group at  = 53.6 and 68.5. The chemical shift values of the newly-revealed signals in the 13 C NMR spectrum were consistent with those of the reported bis(trimethylsily)thioketene in THF-d 8 ( = 52.8, 215.9) [8] , and this result also suggested the in situ formation of B'.
Therefore, the formation of -unsaturated thioamides 4 and selenoamides 5 from 2 would be explained by a plausible pathway involving nucleophilic attack of a primary or secondary amine to the central carbon of -lithiochalcogenoketenes B' followed by elimination of lithium methoxide [9] . Actually, no signals assignable to propadienethiones D were observed at all throughout the NMR monitoring. However, an alternative plausible pathway involving the in situ formation of short-lived intermediates D through the elimination of lithium methoxide from B' accelerated by the coordination of amine to the lithium ion of B' would also be proposed through our experimental results in which propadienechalcogenone-derived products such as 4 and 5 were formed through the reactions only in the presence of an amine.
These successful results urged us to investigate a new synthesis of -unsaturated chalcogenolactams, and we attempted a short-step Scheme 1: Short-step synthesis of quinoline-2(1H)-thiones (11), quinoline-2(1H)-selones (12) , and quinolin-2(1H)-ones (15). Procedure: (i) trimethylsilylacetylene, n-BuLi, THF, 0°C, 1 h, (ii) n-BuLi (4.5 mol amt.) elemental sulfur or selenium (2.5 mol amt.), THF, -78 to 0°C, 3 h, (iii) mCPBA (4.0 mol amt. for 12a, 1.2 mol amt. for 12b), CHCl 3 , 0°C, 30 min, (iv) mCPBA (3.0 mol amt. for 14b), CHCl 3 , 0°C, 30 min. synthesis of -quinolinones (quinolin-2(1H)-ones) from 2aminobenzophenone derivatives (9) (R = H, OCH 3 ) via the intramolecular nucleophilic attack of the neighboring amino group on the in situ generated reactive intermediates [10] . Starting 2aminobenzophenone derivatives (9) were at first converted into aminoalcohols (10) by the usual alkynylation involving the treatment of trimethylsilylacetylene with n-butyllithium or acetylene gas with a Grignard reagent. When compounds 10 were treated with n-butyllithium (4 mol amt.) in THF at -78°C in the presence of elemental sulfur (2 mol amt.) and the reaction mixture was gradually warmed to 0°C, quinoline-2(1H)-thiones 11 were obtained as single products in high yields In contrast, a similar treatment of quinoline-2(1H)selones 12 with mCPBA (4.0 mol amt. for 12a, 1.2 mol amt. for 12b) just afforded quinolin-2(1H)-ones 15 (15a (R = H): 96%, 15b (R = OCH 3 : 94%), along with trace amounts of diselenides 14, and therefore, the three-step conversion of 9 into 15 was established. Furthermore, diselenide 14a was also converted into 15a by treating mCPBA (3.0 mol amt.) in almost quantitative yields. It is worth noting that this pathway just realizes a unique, short-step, and environmentally benign synthesis of 15 with no functional group protection and no use of heavy metal reagents or catalysts.
In conclusion, we established a novel one-pot synthesis of unsaturated thioamides 4 and selenoamides 5 by treating with propargyl alcohols 1 or their derivatives (2, 3) with a base, an elemental chalcogen, and a primary or secondary amine through in situ generation of reactive species related to chalcogenoketenes and the subsequent nucleophilic attack of neighboring primary or secondary amines. Furthermore, the new synthetic method was applicable to the construction of the skeletons of pharmaceutically active -quinolinone alkaloids, such as yaequinolone A1 (16) and yaequinolone A2 [11] . Further attempts at the conversion of quinolin-2(1H)-ones 15 bearing a variety of substitution patterns [11, 12] are under way in our laboratory.
Experimental

Instruments:
The melting points were measured in open capillary tubes with a Büchi 535 micro-melting-point apparatus, and were uncorrected. NMR spectra were recorded on a Bruker AC-400P spectrometer; 400 MHz for 1 H NMR, 100 MHz for 13 C NMR and 76 MHz for 77 Se NMR spectra; the chemical shifts are given in  relative to internal tetramethylsilane (TMS). Mass spectra were recorded on a JEOL MS-700T mass spectrometer with electronimpact ionization at 20 or 70 eV using a direct inlet system. High resolution mass spectra (HRMS) were also recorded on a JEOL MS-700T spectrometer. IR spectra were measured as either a thinfilm (neat) or as KBr disks on a JASCO FT/IR-7300 spectrometer. Elemental analyses were performed using a Yanagimoto CHN corder MT-5.
General procedure for preparation of 1-alkyn-3-ols 1:
Metallic magnesium (1.8 g, 75 mmol) was treated with a trace amount of iodine in dry THF and then with bromoethane (8.2 g, 75 mmol) to prepare Grignard reagent. Acetylene gas (excess) was introduced into the reaction mixture at room temperature for 10 min, and the reaction mixture was then treated with a ketone (50 mmol) at refluxing temperature for about 10 h. The reaction was quenched with an excess of saturated aqueous sodium bicarbonate solution, and the reaction mixture was extracted with benzene. The organic layer was washed with water and dried over anhydrous sodium sulfate powder. After removal of the solvent in vacuo, the crude product was purified by either vacuum distillation or recrystallization to obtain 1-alkyn-3-ols 1 in high yields.
Procedure for preparation of 3-chloro-3-methyl-1-butynes (2a): 3-
Methyl-1-butyn-3-ol (1a, 925 mg, 11 mmol) was treated with a mixture of concentrated hydrochloric acid (4.5 ml, 52 mmol) and calcium chloride (1.5 g, 14 mmol) at 0°C, and the reaction mixture was stirred for 6 h at room temperature. The reaction was quenched with an excess amount of water, and the resulting mixture was extracted with n-hexane. The organic layer was washed with an excess amount of saturated sodium carbonate solution and then dried over anhydrous sodium sulfate. After removal of the solvent in vacuo, the crude product was purified by vacuum distillation to obtain 3-chloro-3-methyl-1-butyne (2a, 598 mg, 53% yield).
General procedure for preparation of 3-methoxy-1-alkynes 3:
Sodium hydride (1.1 g, 76 mmol, 55%) was washed with n-hexane and then added to dry THF. 1-Alkyn-3-ol (1, 17 mmol) was then added dropwise to the sodium hydride-suspended THF solution at 0°C, and the reaction mixture was treated with iodomethane (7.2 g, 51 mmol) at room temperature for 10 h. The reaction was quenched with an excess amount of methanol and water, and the reaction mixture was extracted with diethyl ether. The organic layer was washed with water and then with brine, and dried over anhydrous sodium sulfate. After removal of the solvent in vacuo, the crude product was purified by either vacuum distillation or recrystallization to obtain 3-methoxy-1-alkynes 3 in high yields
General procedure for preparation of -unsaturated thioamide (4aa) or selenoamide (5aa) through the reaction of 3-chloro-3methyl-1-propyne (2a) with n-butyllithium, elemental sulfur or selenium, and diethylamine: A THF solution of 3-chloro-3-methyl-1-propyne (2a, 564 mg, 5.5 mmol) was treated with n-butyllithium hexane solution (1.58 mol/L, 4.4 mL, 6.6 mmol) and elemental sulfur (212 mg, 6.6 mmol) or selenium (521 mg, 6.6 mmol) at 0°C for 1 h under an argon atmosphere and then with diethylamine (614 mg, 8.3 mmol) at 0°C to room temperature for 1 h. After quenching the reaction by adding water, the usual workup, and purification using silica gel CC, the corresponding -unsaturated thioamide (4aa) (301 mg, 32% yield) or selenoamide (5aa) was isolated (312 mg, 26% yield), along with several unidentified products.
General procedure for preparation of -unsaturated thioamides 4 through the reaction of 3-methoxy-1-alkyne 3 with nbutyllithium, elemental sulfur, and a primary or secondary amine:
A THF solution of 3,3-disubstituted 3-methoxy-1-propyne (3) (2.8 mmol) was treated with n-butyllithium hexane solution (1.58 mol/L, 2.2 ml, 3.3 mmol), elemental sulfur (108 mg, 3.4 mmol), and an amine (4.2 mmol) at 0°C to room temperature for 1 h under an argon atmosphere. After quenching the reaction by adding water, the usual workup, and purification using silica gel CC, the corresponding -unsaturated thioamide 4 was isolated, along with the recovery of substrate 3.
General procedure for preparation of -unsaturated selenoamides 5 through the reaction of 3-methoxy-1-alkyne 3 with n-butyllithium, elemental selenium, and an amine: A THF solution of 3,3-disubstituted 3-methoxy-1-propyne 3 (2.4 mmol) was treated with n-butyllithium hexane solution (1.58 mol/L, 1.9 mL, 2.9 mmol) and elemental selenium (230 mg, 2.9 mmol) at 0°C for 1 h under an argon atmosphere and then with an amine (3.6 mmol) at 0°C to room temperature for 1 h. After quenching the reaction by adding water, the usual workup, and purification using silica gel column CC, the corresponding -unsaturated selenoamide 5 was isolated along with the recovery of substrate 3. Calcd for C 23 H 25 NSFe: C, 68.49; H, 6.25; N, 3.47%. Found: C, 67.71; H, 6.22; N, 3.28%. 4ga (R 1 = R 2 = ferrocenyl, R 3 = R 4 = C 2 H 5 , X = S) Brown solid. MP: 173.5-174.2°C. IR (KBr): 3094, 2932 , 1651 , 1496 , 1106 3-chloro-3-methyl-1-butyne (2a) with n-butyllithium  in the presence of 2,3-dimethyl-1,3-butadiene: A THF solution of 3-chloro-3-methyl-1-butyne (2a, 318 mg, 3.1 mmol) was treated with n-butyllithium hexane solution (1.58 mol/l, 2.5 ml, 3.8 mmol) in the presence of an excess amount of 2,3-dimethyl-1,3-butadiene at 0°C for 1 h under an argon atmosphere. After quenching the reaction by adding water, the usual workup, and purification using silica gel CC, propadienylidenecyclopropane (6) (219 mg, 47% yield) was isolated as colorless oil.
Physical and spectral data for
Treatment of
Physical and spectral data for propadienylidenecyclopropane (6): 6a (R 1 = R 2 = CH 3 ) Colorless oil. IR (neat): 2975 IR (neat): , 2928 IR (neat): , 2908 IR (neat): , 2020 IR (neat): , 1636 IR (neat): , 1445 General procedure for the reaction of 3,3-diaryl-3-methoxy-1propyne 2 with n-butyllithium, elemental sulfur or selenium, and benzyl bromide: A THF solution of 3,3-disubstituted 3-methoxy-1propyne (3c) (Ar = p-ClC 6 H 4 , 290 mg, 1.00 mmol) was treated with n-butyllithium hexane solution (1.58 mol/L, 1.44 ml, 2.20 mmol) at 0°C for 10 min under an argon atmosphere and then with either elemental sulfur (64 mg, 2.00 mmol) or elemental selenium (160 mg, 2.00 mol) at 0°C for 30 min and then with benzyl bromide (250 mg, 1.50 mmol) at 0°C for 20 min. After quenching the reaction by adding water, the usual workup, and purification using silica gel CC, the corresponding 3,3-di(p-chlorophenyl)-3-methoxy-1propynyl benzyl sulfide (7c, 231 mg, yield 56%) or 3,3-di(pchlorophenyl)-3-methoxy-1-propynyl benzyl selenide (8c, 287 mg, yield 63%), respectively, was isolated as yellow solid. General procedure for alkynylation of 2-aminobenzophenone (9) using trimethylsilylacetylene and n-butyllithium: A THF solution of 2-aminobenzophenone (9) (15.2 mmol) was treated with trimethylsilylacetylene (3.16 ml, 22.8 mmol) and n-butyllithium (2.50 mol/l, 8.52 ml, 22.8 mmol) at 0°C for 3 h. Subsequently, 30 mL methanol solution of potassium hydroxide (2.24 g, 33.4 mmol) was added to the mixture at 0°C, and the reaction mixture was stirred for 15 min. It was then acidified by adding acetic acid, and quenched by adding an excess amount of water. The reaction mixture was extracted with ethyl acetate, and the organic layer was dried over anhydrous sodium sulfate. After removal of the solvent in vacuo, the crude products were purified by silica gel CC to isolate 3-aryl-3-(2-aminophenyl)-1-propyn-3-ols 10. Further purification of 10 was carried out by recrystallization from nhexane-dichloromethane. General procedure for the one-step synthesis of quinoline-2(1H)thiones 11 from 10: A THF solution of 3-aryl-3-(2-aminophenyl)-1-propyn-3-ol (10, 2.36 mmol) was treated with n-butyllithium hexane solution (1.58 mol/L, 6.42 mL, 10.6 mmol) at -78°C for 1 h and then with elemental sulfur (0.166 g, 5.19 mmol) at -78°C to room temperature for 3 h. After quenching the reaction by adding water, the usual workup, and purification using silica gel CC, the crude quinoline-2(1H)-thiones 11 were obtained as solid products. Further purification of 11 was carried out by recrystallization from n-hexane-dichloromethane. 
Physical and spectral data for 3,3-di(p-chlorophenyl)-3-
General procedure for the one-pot synthesis of quinoline-2(1H)selones 12:
A THF solution of 3-aryl-3-(o-aminoaryl)-1-alkyn-3-ol (10, 0.448 mmol) was treated with n-butyllithium hexane solution (2.50 mol/L, 0.751 mL, 2.01 mmol) at -78°C for 1 h and then with elemental selenium (0.424 g, 0.986 mmol) at -78°C to room temperature for 3 h. After quenching the reaction by adding water, the usual workup, and purification using silica gel CC, the crude quinoline-2(1H)-selones 12 were obtained as solid products. Further purification of 12 was carried out by recrystallization from nhexane-dichloromethane. General procedure for mCPBA oxidation of quinoline-2(1H)thiones 11: A dichloromethane solution of quinoline-2(1H)-thione (11, 1.54 mmol) was treated with mCPBA (0.476 g, 1.85 mmol) at 0°C for 30 min. The reaction was quenched by adding an excess amount of saturated aqueous sodium sulfite solution, and the reaction mixture was subjected to the usual workup and chromatographic purification on silica gel to obtain crude disulfides 13 as solid products. Further purification of 13 was carried out by recrystallization from n-hexane-dichloromethane. 
